**************** 


*■  fe^K 


Disclosure  to  Promote  the  Right  To  Information 

Whereas  the  Parliament  of  India  has  set  out  to  provide  a  practical  regime  of  right  to 
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FOREWORD 

This  Indian  Standard  (  Second  Revision  )  was  adopted  by  the  Bureau  of  Indian  Standards,  after  the  draft 
finah/ed  by  die  Alloy  Steels  and  Special  Steels  Sectional  Committee  had  been  approved  by  the  Metallurgical 
I-jigmccring  Division  Council. 

This  standard  was  first  published  in  1969  and  revised  in  1978.  On  the  basis  of  experience  gained  in  the 
production  and  use  of  steels,  it  has  been  decided  to  revise  the  standard  again.  The  following  major  modifications 
have  been  incorporated  in  this  revision. 

A  few  new  grades  such  as,  42CrV6,  50CV4V2,  58Cr4VI.  49MnVS3,  37Mn5Si5,  55Si6Cr3  and  45CrSi9 
have  been  introduced. 

Carbon  and  Molybdenum  content  in  40Cr4Mo3  grade  have  been  limited  to  make  it  cost  effective  and  better 
responsive  to  induction  h;irdcning. 

The  revision  has  been  carried  to  make  the  specification  more  quahly-oriented  for  which  a  few  tests  such 
as,  step  down  test,  blue  fractuie  test,  magnetic  p;irticle  lest,  etc,  have  been  introduced. 

Many  new  clauses  have  been  introduced  and  existing  clauses  suitably  modified  to  make  the  standard 
complete  in  itself. 

I  or  die  purpose  of  deciding  whether  a  particular  requirement  of  this  standard  is  complied  with,  the  finaJ 
value,  observed  or  calculated,  expressing  the  result  of  a  test  or  analysis,  shall  be  rounded  off  in 
accordance  widi  IS  2  :  1960  'Rules  for  rounding  off  numerical  values  (  revised  )  '.  The  number  of 
significant  places  retained  in  the  rounded  off  value  should  be  the  same  as  that  of  the  specified  value  in 

dus  siandiird. 


AMENDMENT  NO.  2     AUGUST  2006 

TO 

IS  5517:1993    STEEL  FOR  HARDENING  AND 

TAMPERING  —  SPECIFICATION 

(  Second  Revision  ) 

(  Page  10,  Table  5,  Steel  Designation  '25Crl5Mo6\  col  2,  row  5  )  — 

Substitute  M  540  Af in*  for  fcl  500  Mm* 

(  /Vag*  10,  7h6fe  5,  .»«?/  Designation  (25Crl5Mo6\  col  3,  row  5  )     — 
Substitute  *i  240*  for*  \  ioo' 

(  Page  10,  Table  5,  Steel  Designation  140Ni6Ct4Mo3\  col  2,  row  5  )  — 
Substitute  *  1200  to  1350'  for  fc  1200  to  1250*. 

(  Page  10,  Table  5,  Grade  40Ni6Cr4Mo3,  col  2,  row  6)  —  Substitute 
'l  550'  for  sl  500' 

(  Page  11.  Table  5,  Steel  Designation  '30Nil0Cr3Mo6'  )  —  Substitute 

^lNilOC^MoO'/or  £30NilOCr3Mo6. 

(  Page  11,  7a/>/<?  6,  ct?/  heading  3  )  —  Substitute  "Max'  for  'Mm* 
(  fVig*  12,  ybAfe  6,  Gnnfe  55Cr3,  co/  3  )  —  Substitute  *250*  for  '250  Ate' 
(  /Vige  12,  7aWe  6,  Grade  40Nil4,  col  3  )  —  Substitute  '250*  for  "250 Max' 
(  Page  12,  7flAfe  6,  Ste<?/  Designation  '40Nil6Cr4Mo2'  )  —  Substitute 

t40Ni6Cr*Mo2'j/b>*  440Nil6Cr4M02\ 

(  Page  12,  Table  6,  Steel  Designation  '40Nil6Cr4Mo3'  )  —  Substitute 

t40Ni6Cr4Mo3,yb/'  440Nil6Cr4Mo3* 


(MTD16) 


Reprography  Unit,  BIS,  New  Delhi,  India 


AMENDMENT  NO.   1     AUGUST   1999 

TO 

IS  5517  :  1993     STEELS  FOR  HARDENING  AND 

TEMPERING  —  SPECIFICATION 

( Second  Revision  ) 

(Foreword, para  2,  line  4  )  —  Substitute  l42Cr6Vr/<"*  '42CrV6\ 

(  Page  4,  Table  2,  col  3,  row  31  and  32  )  —  Substitute  '0.40  to  0  701  for  '0  40  to 
0.Q0' for  grade  30Nil3Cr5. 

(Page  8,  Table  4,  col  1,  row  2\  )  —  Substitute  *42C'rfivr  for  '420V6'. 

(Page  10,  Table  5,  col  1,  row  1  )  —  Substitute  l  SOT  r4V29  for  i55c,r4V2\ 

(Page  10,  TableS,  col  K  row  9  )  —  Substitute  ,42Crf>vi*/b''  l42<"rV<)\ 

(Page  10,  Table  5,  col  1,  row  2K  )  —  Substitute  '^OHM^'/^  *25Cri5VM>\ 

(Page  \\,  Table  5,  col 2.  row  5)  —  Substitute  M200  l  2V»'  /or 'i  :M-i  35m* 

(   P<j£e    11,    Table  5,   co/    I,   row  7   )   —   Substitute    ^iNiHK^Mo*'   for 

*40NilOTr3Mof>\ 

(  Pa#e  11,  J\7ote  5,  Wof^  2,  //ne  2  )  —  Substitute  'i  kgt/mm-  =  *>  hi  N/mm-'  for 

'1  Kgf/mm-  =  *?.Ql  N/mm2'. 

(Page  11,  Table6tcol  1,  row  15) —  Substitute  '42Cr6Vi'  /or  '42CW6\ 
(Page  11,  Table 69  col  1,  row  30)  —  Substitute  '30Nii3Cr5'  /or  '30Nii3Cr2\ 


(MTD16) 


Reprography  Unit,  BIS,  New  Delhi,  India 
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Indian  Standard 

STEELS  FOR  HARDENING  AND 
TEMPERING  —  SPECIFICATION 

(Second  Revision) 


1  SCOPE 

1.1  This  standard  covers  the  technical  and  delivery 
requirements  Tor  wrought  alloyed  and  unalloyed  steels 
in  the  form  of  bars,  rods.  Hats,  plates,  forcings,  etc.  to 
be  used  in  the  hardened  and  tempered  condition. 

1.2  The  steels  covered  by  this  standard  arc  in  general 
intended  for  forgings  and  machining  of  parts  for 
engineering  or  automobile  purposes. 

2  REFERENCES 

The  following  Indian  Standards  are  necessary 
adjuncts  to  this  standard: 


IS  No. 


228 


1500  :  1983 


1598  :  1977 


1608  :  1972 


2049  :  1978 


3469  :  (Parts  1 
to  3)  1974 

3664  :  1981 


3711  ;  1966 


3739  :  1987 


Title 

Methods  of  chemical  analysis 
of  steels  (  second  revision  ) 

Brinell  hardness  test  for 
metallic  materials  (  second 
revision  ) 

Izod  impact  test  for  metals 
{first  revision) 

Tensile  testing  of  steel 
products  ( first  revision  ) 

Colour  code  for  the 
identification  ol  wrought  steels 
for  general  engineering  purposes 

Tolerances  for  closed  die  steel 
forging  (first  revision  ) 

Code  of  practice  for  ultrasonic 
pulse  echo  testing  by  contact 
and  immersion  methods  ( first 
revision) 

Selection  and  preparation  of 
samples  and  test  pieces  for 
mechanical  lest  for  wrought 
steel 

Dimensional  tolerances  for  car- 
bon and  alloy  constructional 
steel  products  ( first  revision  ) 


IS  No.  Title 

3848  M981  End       quench       test       for 

harden  ability  of  steel  (  first 

revision  ) 

4163  :  1982  Method  for  determination  of 

inclusion  content  in  steel  by 
macroscopic  method  (  first 
revision ) 

4748  :  1968  Method  for  estimating  average 

grain  size  of  metals  (  first 
revision) 

8910:1978  General   technical  delivery 

requirements  for  steel  and  steel 
products 

10138  Macroscopic    method     for 

determination  of  non-metallic 
inclusion  content  in  wrought 
steel* 

(  Part  1  )  :  1982    Blue  fracture  test  method 

(  Part  2  )  ;  1983    Step  machined  test  method 

(  Part  3  )  :  1983     Magnetic  particle  inspection 
method 

3    SUPPLY  OF  MATERIAL 

3-1  General  requirements  relating  to  the  supply  of 
material  shall  conform  to  IS  8910  :  1978. 

3.2  Steels  covered  by  diis  standard  shall  be  ordered 
and  delivered  in  any  one  of  the  basis  given  in  Table  1 . 

3.3  The  particulars  to  be  specified  by  the  purchaser 
while  ordering  for  steels  covered  by  tins  specification 
should  be  as  given  below: 

a)  Grade, 

b)  Delivery  condition, 

c)  Sue, 

d)  Finish, 

e)  Test  requirement, 

0    Special  requirements,  such  as  bundling  and 
packing,  and 

g)    Test  report,  if  required. 
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Table  1  Delivery  Condition  for  Ordering  or  Steels 

{Clause  3  2) 


ReqoftrtotcaU       A     ft     C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

S 

T 

U 

V 

1     Chemical 

composition  xxx 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2    Hardeoabihty 

(joftuny) 

X 

X 

X 

X 

X 

X 

X 

1     Hardneu 

M*iimunt  value 

w  annealed 

Maximum  value 
aj  treated  for 
Improved 
machioabiltty 

Maximum  vahie 
ax  rolled/forged 


4.    Mechanical 
properties 


X  X  X  X 


5  Special  cleanliness 

text 

Step  down  text/ 
Blue  fracture  test  xxxxxx  xxx 

6  Crack  tevtmg 

(Magnetic  particle)  xxx 

NOIUS 

1  Other  modes  of  deliveries  if  justified  by  the  quality  requirements  of  the  parts  either  for  manufacturing  or  for  end  uve   can  be 
specially  agreed  to  at  the  time  of  enquiry  and  order 

2  Tor  modes  of  deliveries  with  hardenahiliiy/mechanical  properties  guarantee  minor  variation  lroin  chemical  composition  lioni 
Table  2  is  permissible 

3  For  closer  bands  of  hardennbiltty  and  acceptance  level  of  cleanliness  by  step  down  test,  agreement  should  be  made  at  ihe 
time   of  enquiry  and  order 

4  Cleanliness  rating  by  step  down  test/Blue  fracture  test  is  not  applicable  to  free  cutting  steel 


4    MANUFACTURE 

4.1  Unless  otherwise  agreed  m  in  the  order,  the 
processcss  used  in  making  the  steel  and  the  product 
shall  be  left  lo  the  discretion  of  Ihe  manufacturer,  but 
the  sieel  shall  be  fully  killed  When  so  desired,  the 
purchaser  shall  be  informed  of  die  steel  making 
process 

However,  for  continuously  cast  steels  and  tor  sleels  in 
specially  treated  condition,  like  Electro-flux  refined. 
Vacuum  degassed,  Secondary  refined,  etc,  the  steel 
making  process  should  be  agreed  to  at  the  time  ot 
enquiry  and  order 

For  continuously  cast  bar/biUetsamiiumum  reduction 
ratio  of  6  1  between  the  cast  product  and  die  final 
product  is  recommended  However  oilier  reduction 
ratios  may  be  mutually  agreed  upon  between  ihe 
manufacturer  and  the  purchaser  at  the  tunc  ot  enquiry 
and  order 

4.2  The  steels  may  be  made  by  agreement  widi  the 
addition  ot  micro  alloying  elements  like  Titanium, 
Niobium  Vanadium,  Boron,  etc,  either  individually 
or  in  combination 


4.3  Sufficient  reducUon  and  discard  shall  be  made 
to  ensure  freedom  from  piping,  h*irmful  segrega- 
tion, etc,  as  assessed  by  macroelching  and/or  ultra- 
sonic testing  The  acceptance  standard  shall  be  mu- 
tually agreed  upon  at  the  tune  ot  enquiry  and  or- 
der 

5     FREEDOM  FROM  DEFECTS 

5.1  The  material  shall  be  tree  from  such  surface 
and  internal  detects  which  may  impair  the  end  use 

Ihe  method  of  evaluating  surface  and  internal 
detects  and  Uieir  allowable  limits  shall  be  mutually 
agreed  to  at  the  time  of  enquiry  and  order 

5.2  Removal  of  surface  delects,  by  appropnate 
means,  shall  be  permuted  provided  thai  ihe 
remaining  dimensions,  alter  defect  icmoval  is  not 
less  than  specified  at  any  point  of  the  bar  or  billet 
etc,  and  that  die  operation  is  not  likely  to  allcci 
the  processing  ot  (lie  material  Removal  of  surface 
detects  beyond  this  level  may  be  permuted  onlv 
on  approval  o!  die  purchaser 


IS  5517:  1993 


6    CHEMICAL  COMPOSITION 

6.1  The  ladle  analysis  of  steels  shall  be  a*>  given  in 
Table  2  The  analysis  of  steels  shall  be  earned  out 
either  by  the  method  specified  in  IS  228  and  its 
relevant  parts  or  any  other  established  instrumental/ 
chemical  method. 

In  case  of  any  dispute  the  procedure  given  in  IS  228 
and  its  relevant  parts  shall  be  referee  method  How- 
ever, where  method  is  not  given  in  IS  228  and  Us 
relevant  parts,  the  referee  method  shalTbe  as  agreed 
to  between  the  purchaser  and  the  manufacturer 

6.2  Check  Analysis 

The  check  analysis  shall  be  carried  out  on  the  fim  shed 
product  The  permissible  variation  ol  the  check  anal- 
ysis for  the  limit  specified  in  Table  2  shall  be  as  given 
in  Table  3 

6.3  Elements  not  specified  in  Table  2  shall  not  be 
added  to  the  steels  except  where  agreed  to,  other  than 


tor  the  purpose  ot  finishing  the  heal,  and  shall  not 
exceed  the  following  limits,  if  present 


Constituent 

Percent,  Max 

Chromium 

0  25 

Nickel 

0  2S 

Copper 

0  35 

Vanadium 

0  05 

Molybdenum 

0  05 

Boron 

0(M)^ 

Tin 

{)i)S 

NOTCS 

1  Ail  reasonable  precaution*  shall  betaken  to  pre.  vent  the  addition 
from  scrap  or  other  materials  used  in  manufacture  orsuchelements 
which  affect  the  hardenability,  mechanical  properties  and 
applicability 

2  Trace  elements  when  added  together  \hould  not  exceed  0  S 
percent,  however,  restricted  limits  could  be  mutually  agreed  upon 
between  the  manufacturer  and  the  purchaser  at  the  time  of  enquiry 
and  order 

3  %  Copper  +  lOx  (%  Tin  )  shall  not  exceed  0  60  percent 


Table  2    Chemical  Composition  of  Steels  for  Hardening  and  Tempering 

(Clauses  6  1,  6  2,  6  1,  1 1  2  and  IS  1) 


Steel  Designation 

Constituent, 

Percent 

/ 

C 

Mn 

Si 

Ni 

Cr 

Mo 

V 

Al 

b 

"  > 
F 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
Max 

<M) 
Max 

30C8 

0  25  to 
015 

0  60  to 
0  90 

0  10  to 
0  15 

— 

— 

— 

— 

— 

035 

015 

35C8 

0  10  to 
0  40 

0  60  to 
090 

0  10  to 
0  15 

— 

— 

— 

— 

— 

035 

015 

40C8 

0  35  to 
0  45 

0  60  to 
0  90 

0  10  to 
0  15 

— 

— 

— 

— 

— 

035 

015 

45C8 

0  40  to 
0  50 

0  60io 
0  90 

0  10  to 
0  35 

— 

— 

— 

— 

— 

015 

015 

50C8 

0  45  to 
0  55 

0  60  to 
0  90 

0  10  to 

015 

— 

— 

— 

— 

— 

035 

015 

55C8 

0  50  to 
0  60 

0  60  to 
0  90 

0  10  to 

015 

— 

— 

— 

— 

— 

015 

03  5 

40C10S18 

015  to 

045 

0  80  to 

1  20 

0  25  Max 

— 

— 

— 

— 

— 

0  14  to 
0  22 

0  060 

40C15S12 

0  35  to 

045 

1  10  to 

1  70 

0  25  Max 

— 

— 

— 

— 

— 

0  08  to 
0  15 

20C15 

0  16  to 

0  24 

1  10  to 
1  70 

0  10  to 
0  15 

— 

— 

— 

— 

— 

015 

015 

27CI5 

0  22  to 

012 

1  10  to 
I  70 

0  10  to 

0  15 

— 

— 

— 

— 

— 

035 

015 

37C15 

012  to 
0.42 

1  10  to 
1  70 

0  10  to 

ois 

— 

— 

— 

— 

— 

015 

015 

35Mn6Mo3 

0  30  to 

0  40 

J  10  to 

1  80 

0  JO  to 
0  15 

— 

— 

0  20  to 
0  35 

— 

— 

015 

OIS 

35Mo6Mo4 

010  to 
0  40 

1  10  to 

1  80 

0  1 0  to 
0  15 

— 

— 

0  15  to 
0  55 

— 

— 

015 

015 

37Mn5Si5 

Olllo 
0  41 

1  10  to 
1  40 

0  10  to 

1  40 

— 

— 

— 

— 

— 

0*5 

015 
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Table  2   {.Concluded) 


Steel  Designation 

C«*»UUfte#t» 

Percent 

'     C 

Mn 

SI 

Nl 

a 

Mo 

V 

Ai 

S 

1  ^ 

<n 

(2) 

(3) 

(4) 

(5) 

w 

<7) 

(•) 

« 

(10) 
Max 

(ID 
Max 

42Cr6V1 

0.37  to 
0.47 

0.50  to 
0.80 

0.15  to 

0.35 

— 

1.40  to 

1.70 

— 

0.07  to 
0.12 

— 

.035 

.035 

45CrSi9 

0.40  to 

0.50 

0.30  to 
0.60 

2.75  to 

3.25 

— 

8.30  to 

9.50 

— 

^ 

-— 

.035 

.035 

46V 1 S3 

0.42  to 
0.50 

0.60  to 
1.00 

0.60  Max 

— 

— 

— 

0.08  to 
0.13 

—~ 

0.045  to 
0.065 

.035 

58Cr4Vl 

0.51  hi 
0.63 

0.80  to 
1.10 

0.15  to 
0.5 

— 

0.90  to 
1.20 

— 

0.07  to 
0.12 

■— 

.035 

.035 

50O4V2 

0.45  to 
0.55 

0.70  to 
1. 10 

0.15  to 
0.40 

— 

0.90  to 
1.20 

— 

0.10  to 
0.20 

— 

.035 

.035 

55Cr3 

0.50  to 
0.60 

0.60  to 

0.80 

0.10  to 

0.35 

— 

0.60  to 
0.80 

— 

— ■ 

— 

.035 

.035 

55Si6Cr3 

0.50  to 
0.60. 

0.50  to 
0.80 

1.20  to 

1.60 

— 

0.50  to 
0.80 

— 

— 

— 

.035 

.035 

40Cr4 

0.35  to 

0.45 

0.60  to 
0.90 

0.10  to 

0.35 

— 

0.90  to 
1.20 

— 

— 

— 

.035 

.035 

42Cr4Mo2 

0.38  to 

0.45 

0.60  to 
0.90 

0.10  to 

0.35 

— 

0.90  to 
1.20 

0.15  to 
0.30 

— 

— 

.035 

.035 

!5Crl3Mo6 

0.10  to 
0.20 

0.40  to 
0.70 

O.IOto 

0.35 

— 

2.90  to 
3.40 

0.45  to 
0.65 

— 

— 

.035 

.035 

25Crl3Mo6 

0.20  to 
0.30 

0.40  to 

0.70 

O.IOto 
0.35 

— 

2.90  to 

3.40 

0.45  to 

0.65 

— 

— 

.035 

.035 

40t>13Mol0V2 

035  to 

0.40  to 

O.IOto 

— 

3.00  to 

0.90  to 

0.15  to 

— 

.035 

.035 

0.45 

0.70 

0.35 

3.50 

1.10 

0.25 

40Cr7AII0Mo2 

0.35  to 

0.40  to 

O.IOto 

— 

1.50  to 

O.IOto 

— 

0.90  to 

.035 

.035 

0.45 

0.70 

0.35 

1.80 

0.25 

1.30 

4UNiJ4 

0.35  to 
0.45 

0.50  to 
0.80 

O.IOto 
0.35 

3.20  to 
3.60 

0.30 
Max 

— 

— 

— 

-.035 

.035 

35Ni5(>2 

0.30  to 
0.40 

0.6O  to 
0.90 

O.IOto 
0.35 

1.00  to 
1 .50 

0.45  to 
0.75 

— 

— 

— 

.035 

.035 

30Nil3l>5 

0.26  to 
0.34 

0.40  to 
0.90 

O.IOto 
0.35 

3.90  to 
4.30 

1.00  to 
1.40 

— 

— 

— 

.035 

.035 

40Ni6t>4Mo2 

0.35  to 

0.40  to 

O.IOto 

1 .20  to 

0.90  to 

O.IOto 

— 

— 

.035 

.035 

0.45 

0.70 

0.35 

1.60 

1.30 

0.20 

40Ni6Cr4Mo3 

0.35  to 

0.40  to 

O.IOto 

1.25  to 

0.90  to 

0.20  to 

__ 

_ 

.035 

.035 

0.45 

0.70 

0.35 

1.75 

1.30 

0.35 

31Ni10Cr3Mo6 

0.27  to 

0.40  to 

O.IOto 

2.25  to 

0.50  to 

0.40  to 

— 

— 

.035 

.035 

0.35 

0.70 

0.35 

2.75 

0.80 

0.70 

40Ni10Cr3Mo6 

0.36  to 

0.40  to 

0.J0  to 

2.25  to 

0.50  to 

0.40  to 

— 

— 

.035 

.035 

0.44 

0.70 

0.35 

2.75 

0.80 

0.70 

NOTES 

J     In  special  cases,  it  may  be  desirable  that  the  range  of  carbon  content  should  he  more  closely  controlled  than  in  the  range  specified 
above.  When  this  is  necessary,  restricted  ranges  of  carbon  may  he  agreed  to  between  the  purchaser  and  the  manufacturer, 

2  Sulphur  in  the  range  of  .02  to  .035  or  any  other  range  may  be  agreed  to  between  the  manufacturer  and  the  purchaser. 

3  For  direct  and  single  quenched  process,  fully  AJ  leilled,  fine  grained  steel  should  be  used. 
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Table  3  Permissible  Variation  in  Check 
Analysis 

(Clause  6.2) 


Element 

Permissible  Content 

Permissible 

In  Ladle  Analysis, 

Variation  In 

Percent 

Product 
Analysis, 

Percent 

N) 

(2) 

(3) 

Carbon 

Up  to  0  50 

±0.02 

Over  0  50  to  0  63 

±0  03 

Silicon 

Up  to  0  50 

±0.01 

Manganese 

Up  to  1 .00 

±004 

Over  1  (X)  up  to  1  80 

±006 

Nickel 

Over  1  00  up  to  1  75 

±0  05 

Ovei  2  25  up  to  4  10 

±  0  07 

Chromium 

Up  to  2  00 

±  o<)5 

Ovei  2  00  up  to  1  50 

±  0  10 

Molybdenum 

I  lp  to  0  10 

±0  01 

Over  0.10  up  to  0  50 

±  0  04 

Over  0  50  up  to  1  10 

±  0  05 

Sulphur 

tip  to  0  065 

±  0  005 

Over  0  065  up  to  0  22 

±0.03 

iTiosphorous 

\  Jp  to  0  060 

±  0  005 

Vanadium 

Up  to  0  25 

±0  02 

Aluminium 

0  l>0  to  1  10 

±010 

NOTr  -  ±  means  that  in  one  taM  the  deviation  may  occur  over  the 
value  or  under  the  lower  value  ol  die  specified  range  in  Fable  2  not 
boUi  at  the  same  time 

7  HEAT  TREATMENT 

7.1  Recommended  temperature  for  hot  working  and 
heat  treatments  aimed  at  controlling  the  hardness, 
machmablily,  shearabihty,  etc,  are  given  in  Table  4 
for  guidance  only. 

7.2  1  he  mechanical  properties  in  the  hardened  and 
tempered  conditions  for  various  limiting  ruling  sec- 
tion are  specified  in  Table  5 

7.3  Only  steels  with  inhcicntly  line  grain  struciuie 
may  be  subjected  to  direct  quench,  provided  the  test 
b;irs  comply  with  the  mechanical  properties  specified 
tn  Table  5. 

8  HARDNESS 

8. 1  1  he  hardness  requirements  for  steel  delivered  in 
die  conditions  *as  rolled  (  R  )'  (  for  guidance  only  ), 
annealed  to  'maximum  hardness  (A)'  or  'treated  to 
improved  machmability  (  M  )*  shall  be  as  given  in 
Table  6 

8.2  Maximum  as  rolled  hardness  lor  steels  tor  im- 
proved cold  shearabihty  or  the  range  ol  h;irdnev*  lor 
improved  mccJunahhiy,  ll  the  values  are  diflerenl 
Irom  as  given  u.  Table  ft  shall  be  mutually  at  die  lime 
of  enquiry  and  order 


8.3  Hardness  values  given  in  Table  6  shall  be  deter- 
mined in  accordance  with  IS  1500  :  1983^ 

9  MECHANICAL  PROPERTIES 

9.1  The  properties  given  in  Table  5  shall  be  applica- 
ble to  test  bars  taken  of  rounds  in  die  direciton  of 
rolling  fibre,  the  axis  of  which  corresponds  to  Fig.  1 

9.2  For  rectangular  sections,  the  range  of  equivalent 
sections  shall  be  as  given  in  Fig.  2 

9.3  Methods  for  determining  the  mechanical  prop- 
erties specified  in  Table  5  shall  be  in  accordance  with 
IS  1598  .  1977  and  IS  1608  :  1972. 

9.4  If  required,  the  mechanical  properties  of  die 
reference  test  bars  after  hardening  and  tempering  m 
accordance  with  Table  6  shall  conform  to  the  require - 
ments  given  in  Table  5.  Values  other  Uuui  specified  in 
Table  5  shall  be  mutually  agreed  at  die  time  of  enquiry 
and  order. 

10  C;  RAIN  SIZE 

10.1  Unless  otherwise  agreed,  the  steel  when  tested 
lor  grain  size  in  accordance  widi  IS  4748  1 988  shall 
show  grain  size  in  the  range  of  5  to  8  for  inherently 
fine  grained  steel. 

10.2  Steel  with  grain  size  outside  the  range  of  5  to  8 
( for  example,  inicroalloyed  steels )  may  however,  be 
supplied  widi  mutual  agreement. 

10.3  The  gram  size  shall  be  considered  satisfactory 
it  70  percent  of  grains  are  within  the  specified  limits, 
but  die  remaining  30  percent  of  the  grams  falling 
either  one  size  below  or  above  die  range  and  not 
spreaded  at  boUi  ends  of  the  range. 

1 1  CLEANLINESS  OF  THE  STEEL 

11.1  Inclusion  rating  of  the  steel  shall  be  determined 
in  accordance  widi  IS  4163  .•  1982.  The  worst  field  of 
each  inclusion  from  each  specimen  shall  be  recorded 
as  a  rating  for  the  specimen  The  inclusion  rating  for 
(lie  specimen  shall  not  exceed  die  following  limits 

a)    For  air  melted  quality     (ABCI)  3  Max) 

(duck  and  dun  series) 

The  inclusion  rating 

shall  be  mutually  agre- 
ed upon  at  the  ume 
ol  enquiry  and  order 


b)    For  vacuum,  EFR  ol 
Secondary  refined 
steel 


1 L2  When  required  and  ordered,  cleanliness  ot  the 
steel  can  also  be  assessed  by  step  down  test^  Blue 
Iracture  test,  and  magnetic  particle  tests  methods  as 
pcrISI0138(ParlI):  1982,  IS  I0I38(Part2):  1983 
;md  IS  10 1 38  (  Part  3) :  L983  or  agreed  to  at  the  ume 
of  enquiry  and  order 

The  acceptance  level  of  non-metallic  inclusions  shall 
be,  however,  mutually  agreed  keeping  m  view  of  the 
process  limitations  and  end  use  ot  die  material 

I  he  clause  is  not  applicable  lor  lrcc  cutting  grade  ol 
steel  as  given  in  Table  2 
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All  dimeuMim*  \\\  millimeires. 

Fin.  1     Location  of  the  Test  Pieces  in  the  Products  to  he  Deuverld 


12  HARDENAB1LITY 

12.1  For  steels  ordered  on  die  basis  of  end  quench 
hardenability,  the  requirements  shall  be  as  given  in 
Table  7  or  mutually  agreed  to  between  the  purchaser 
and  the  manufacturer. 

12.2  The  method  oi  testing  hardenability  of  steels 
shall  be  in  accordance  with  IS  W8     I9SI 

13  DIMENSIONAL  TOLERANCES 

13.1  I  he  dimensional  tolerances  lor  hot  rolled  steel 
products  shall  be  m  accordance  with  IS  3739  :  1987 
Any  additional  stipulation  on  dimensions  may  be 
mutually  agreed  at  Hie  time  of  enquiry  and  order,  if 
(he  forging  process  or  the  product  so  calls  loi. 


13.2  For  forged  steel  bars,  billets,  blooms,  etc,  the 
tolerances  shall  be  in  accordance  with  IS  3469 
(Parts  1  to  3)  :  1974 

13.3  Tolerance  on  Straightness 

Unless  otherwise  agreed  lo  between  the  purchaser 
and  the  manutacturer,  the  steel  shall  be  supplied  in 
straightened  condition  with  the  billowing  limits 

Nominal  Size/Set  turn  Mu\wtitfn  t'vtnu  \stbU' 


40  nun  and  below 

41  mm  and  above 


6  mm/iUL'tic  length 
5  min/meler  length 
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Applicability  of  the  Figures  Given  in  the  Table  5  k>r  Round  Section,  to  Ri-ctangiii-ar  Slit  ion 

of  Oil  or  Water -Quenched  Products 

requirements  if  both  die  additional  tests  are  satisfac- 
tory. Should  eidier  of  the  samples  fail,  the  manufac- 
turer shall  have  the  right,  if  he  so  desires,  to  re-heat- 
treat  die  product  in  any  suitable  manner  before  two 
fresh  samples  are  taken  for  testing.  Should  the  two 
tests  satisfy  die  requirements  of  diis  standard,  die  lot 
represented  shall  be  accepted.  Should  eidier  of  die 
samples  fail,  the  material  shall  be  token  as  not 
complying  with  this  standard. 


14    SAMPLING 

14.1    Sample  for  Chemical  Analysis 

The  ladle  analysis  shall  be  supplied  by  the  manufac- 
turer. If  die  product  analysis  is  required  by  die  pur- 
chaser at  least  one  sample  product  shall  be  taken  from 
each  cast. 


14.2  Sampling  for  Hardness  in  the  Normalized  or 
Annealed  Condition 

14.2.1  One  sample  product  shall  be  taken  from 
each  heat  treatment  batch  for  die  determination  of 
hardness. 

14.3  Sampling  for  Mechanical  Properties 

14.3,1  Test  pieces  toi  mechanical  tests  shall  be 
taken  in  die  longitudinal  dueclion  ot  die  pioduu  m 
accordance  with  Fig.  1. 

14.4  One  sample  per  cast  shall  be  taken  lor  determi- 
nation of  grain  si/e  according  to  IS  474M  :  IWX 

14.5  The  samples  for  inclusion  rating  shall  bo  drawn 
according  to  IS  4163  .  1*>82. 

is   ri<;test 

15.1    Retest  lor  Product  Analysis 

U  die  results  ol  the  product  aulaysisdo  not  meet  the 
composition  acquirements  given  in  Tables  2  and  3, 
unlcsss  odierwise  agreed  to  between  die  purchasei 
and  the  manufacturer,  two  new  samples  shall  be  taken 
on  dillerenl  pieces  from  the  same  cast.  Should  the  two 
analysis  satisfy  the  requirements,  die  lot  icpieseiiled 
shall  be  accepted  Should  eithei  of  the  tests  fail,  the 
material  shall  be  taken  as  not  complying  with  this 
staudajd 

15  2  Ketesf  for  Hardness  Test  in  (he  Normalized 
Annealed  Condition 

II  (he  sample  selected  undci  14.2  tails  to  meet  the 
lequirements  under  8,  two  fuilher  samples  shall  be 
selected  Mom  the  same  heat  UcaUnenl  batch  1  he 
consignment  shall  be  consideied  to  conloim  to  the 


15.3    Retest  for  Mechanical  Tests  on  Test  Pieces 

If  die  sample  selected  under  14.3  fails  to  meet  die 
lequirements  under  9,  two  further  samples  shall  be 
selected  from  die  same  si/e  grouping  tor  making 
fresh  lest  bars  and  tested,  lhe  consignment  shall  be 
considered  locoulorm  to  die  requirements  it  both  the 
additional  tests  are  satislactory.  Should  cither  ol  die 
test  pieces  fail,  die  manufacturer  shall  have  (he  right, 
if  lie  st)  desires  to  re-hcal-ueat  the  lot  in  any  suitable 
manner  beiore  two  fresh  samples  arc  taken  toi  testing 
Should  die  two  tests  satisly  die  requirements  of  ihis 
standard,  die  lot  represented  shall  be  accepted  Should 
either  ol  die  samples  tad,  die  mateital  shall  be  taken 
as  not  complying  widi  (Jus  standard 

In    ADDITIONAL  IKS  IS 

In. I  11  agreed  to  between  the  purchasei  and  the 
manulaclurci  at  the  tune  ol  euquu  y  and  oider.  an\  oi 
a  combination  ol  die  following  tests  may  also  be 
earned  out  to  ensure  that  die  steels  meet  the  quality 
requiiements  of  the  puichaser. 

a)  Macro   Htch    Test   in    accordance    with 
IS  11371  :  1<W\ 

b)  Ultrasonic     Test    in    ai i oi dance    wuh 
IS  Vio4     I  UNI, 

t  )     1  laideuabiliiy     1  est    in    accordant  c    w  iti, 
IS  *S4X     10X1  and  values  .is  per  iaMe  7. 

d)  Hlank  Hardening  I  est  foi  coie  sLicngthguai- 
antee  as  per  lecommendations  ol  lahle  >. 

e)  Cleanliness   I  est  as  per  IS  10J3S  (Pails  i 
to  3)  .  P>X2, 
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0    Microstruclure  for  maclunability,  including 
banding,  and 

g)    Hot  up-set  tor  forgeabiJity. 

16.2  The  acceptance  level  for  each  or  any  of  these 
tests  shall  be  mutually  agreed  to  at  the  lime  of  enquiry 
and  order. 

17    MARKING 

17.1  AH  bars  of  50  mm  dia  or  equivalent  section  and 
above  shall  be  stamped  or  suitably  marked  at  the  end 


with  heat  number  and  ».  .  .e  or  trade-mark  of  die 
manufacturer.  Bars  of  smaller  sections  shall  be  tied  in 
suitable  bundles  which  will  carry  metal  tags  giving 
the  inlormation. 

17.2  The  bars,  billets,  etc,  shall  be  suitably  colour 
coded  at  die  ends  to  mark  die  grade  of  die  material. 
The  colour  scheme  followed  can  be  in  accordance 
widi  IS  2()49 :  1978  or  as  per  purchaser's  requirement. 

17.3  The  material  may  also  be  marked  widi  the 
Standard  Mark. 


Table  4  Recommended  Hardening  and  Tempering  Temperatures  for  Direct  Hardening  Steels 

(Clause!  A) 


Designation 

Hot  Working 

Noiulniillimg 

Hardening 

Quenching 

Tempering 

Temperature 

Temperature 

Temperature 

Medium 

Temperature 

(I) 

(2) 

(3) 

(4) 

(5) 

(6) 

°r 

°C 

1X* 

ir 

30C8 

I  2CK)  to  850 

860  to  890 

860  to  890 

Water  or 

Oil 

550  to  660 

35C8 

1  200  to  850 

850  (o  880 

840  io  880 

Water  or 

Oil 

530  U   /60 

40C8 

i  200  to  850 

830io«6t> 

830  to  860 

Water  or 

Oil 

550  io  660 

45P8 

J  2(H)  io  850 

830  to  860 

830  to  860 

Water  or 

Oil 

530  u>  670 

5<X^8 

1  150  to  850 

810  to  840 

810  lo  860 

Oil 

530  io  660 

5518 

1  I50lo850 

810  to  840 

810  io  840 

Oil 

550  u,  660 

40OI0S18 

1  200lo  850 

830  lo  860 

830  lo  860 

Oil 

550  to  660 

40C15S12 

1  200  lo  850 

840  to  870 

840  lo  870 

Oil 

550  to  660 

20C15 

1  200  to  850 

860  to  900 

860  to  91H) 

Water  or 

Oil 

550  to  660 

27CI5 

1  200  lo  850 

840  to  880 

840  lo  880 

Water  01 

Oil 

550  to  660 

37C15 

1  200  to  850 

850  to  870 

850  to  870 

Watet  or 

Oil 

550  to  660 

35M»6Mo3 

1  200  to  900 

— 

840  to  860 

Water  or 

Oil 

550  to  660 

35Mn6Mo4 

1  200  to  900 

— 

840  lo  860 

Oil 

550  to  660 

37Mn5Si5 

1  050  to  850 

860  lo  K90 

810  to  850 

Waiei   oi 

Oil 

530  lo  670 

55Cr3 

I  200  u»  850 

800  u>  850 

800  u>  850 

Oil 

500  ui  700 

55Si6Cr3 

1  050  lo  850 

850  io  880 

830  io  860 

Oil 

430  lo  500 

4(X>4 

/  200  lo  850 

850  lo  8S0 

850  to  880 

Oil 

55il  to  700 

42(>4Mo2 

1  200  to  850 

850  to  880 

850  lo  880 

Oil 

5(H)  u>  720 

15Crl3Mo6 

1  2(H)  lo  850 

— 

891)  io  910 

Oil 

550  lo  700" 

25(>13Mo6 

1  200  to  850 

— 

890  to  910 

Oil 

550  to  700" 

42CrV6 

1  lOOio  850 

850  to  880 

8^0  u,  860 

Oil 

480  lo  650 

45CrSi9 

1   100  to  000 

— 

1  020  to  1  070 

Oil 

770  io  820 

46V1S3 

1  200  lo  850 

— 

— 

Oil 

— 

50Cr4V2 

1  050  to  850 

840  to  880 

830  to  S60 

Oil 

540  lo  680 

58Cr4Vl 

1  050  to  850 

850  to  880 

82()lo  850 

Oil 

480 lo 650 

40Crl3Mol0V2 

1  200  to  850 

— 

900  to  940 

Oil 

570  to  650 

40Cr7A110Mo2 

1  200  to  850 



850  u»  9(H) 

Oil 

550lo700 
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Tabic  4  {concluded) 


tt«tW«fcfc| 

Tn^mtm 

Teoparmtftrt 

HtnfcoJat 
ttttpetitar* 

Quenching 
Medium 

Tempering 
Tempermture 

(1) 

(2) 

(3) 

(4) 

(5) 

(°) 

°C 

°C 

°C 

°C 

40NU4 

1200  to  850 

830  to  860 

850  to  860 

Oil 

550  to  650 

35N13Q2 

1200lo850 

— 

820  to  850 

Water  or  Oil 

550  to  660 

30NUJO5 

1200  to  830 

— 

810  to  830 

Air  or  Oil 

250 

40Nft6Cr4Mo2 

1200  to  850 

— 

830  to  850 

Oil 

550  to  660 

40Ni6Cr4Mo3 

I  200  lo  900 

830  to  850 

OH 

550  to  660  or 

15010  200 

(Depending 
on  hardness 

required) 

31NllOCr3Mo6 

1200  to  850 

— 

830  to  850 

Oil 

Up  to  660 

40NllOCr3Mo6 

1200  to  850 

830  to  850 

830  to  850 

Oil 

Up  to  660 

l)  Stabiltation  ttapenture  55(f  C. 

Table  5  Mechanical  Properties  of  Steels  In  the  Hardened  and  Tempered  Condition 

(Clauses  7.2,  9.1,  9.3  and  9.4) 


Steel  Destgnatloa 

Tensile  Strength 

MPs 

0.2  Percent 

Proof  Stress 

MPs,  Mm 

Elongation 

5.65/A  Percent, 

Min 

Iiod  Impact 

Joules,  M*n 

Limiting 
Ruling 
Section 

nun 

(0 

a> 

O) 

(4) 

(5) 

(6) 

39C8 

600  to  750 

400 

18 

55 

30 

35C8 

600  to  750 

400 

18 

55 

61 

40C8 

600  to  750 

380 

18 

41 

63 

700  to  850 

480 

17 

35 

30 

45C8 

600  lo  750 

380 

17 

41 

100 

700  to  850 

480 

15 

33 

30 

50C8 

700  to  850 

460 

15 

— 

63 

800  to  950 

540 

13 

— 

30 

55C8 

700  to  850 

460 

15 

— 

63 

800  to  950 

540 

13 

— 

30 

40C10S18 

600  to  750 

380 

18 

41 

60 

700  to  850 

480 

17 

48 

30 

40C15S12 

700  to  850 

500 

18 

35 

60 

20C15 

600  to  750 

440 

18 

48 

30 

700  to  850 

500 

16 

48 

15 

27C15 

600  to  750 

440 

18 

48 

63 

700  lo  850 

5(H) 

16 

48 

Mi 

37C15 

600  to  750 

440 

IK 

4K 

too 

700  to  850 

540 

18 

48 

6"* 

800  to  950 

600 

16 

48 

VI 

900  to  1050 

700 

15 

41 

n 

35Mn6Mo3 

700  to  850 

540 

18 

55 

I5n 

800  to  950 

600 

16 

55 

100 

900  to  1  050 

7CK) 

15 

55 

M 

1000  to  1  150 

8U) 

13 

48 

M) 

37Mn5Si5 

800  to  950 

VM> 

M 

34 

KM) 

900  to  1050 

6^0 

12 

27 

40 

1000  to  1200 

8(H) 

M 

21 

16 
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Table  5  {continued) 


Sled  Designation 


Tensile  Strength 

0.2  Percent 

Elongation 

hod  Impact 

Limiting 

MPa 

Proor  Stress 

5.65/A  Percent, 

Joules,  Af//i 

Ruling 

MPa,  M/w 

Mm 

Section 

(1) 

(2) 

(3) 

5504V2 

780  to  980 

590 

900  to  1  080 

690 

980  to  1180 

780 

I  080  to  1  270 

880 

5804VI 

980  to  1  180 

735 

1  080  to  1  270 

885 

1  180  to  1  370 

980 

1  320  to  1  570 

1080 

420V6 

740  io  880 

540 

880  to  1  030 

685 

980  to  1  180 

785 

1  080  to  1  270 

885 

45<>St9 

880  to  1  030 

685 

35Mn6Mo4 

800  to  950 

600 

900  to  1  050 

700 

1  000  to  1  150 

800 

550* 

900  to  1050 

660 

1  000  to  1  150 

740 

*iVstr.Ci  * 

I  400  to  |  ooo 

1200 

4iK\4 

70Ou>KS0 

540 

S00 io  450 

600 

90(JUi  1  050 

7(10 

42(>4Mo2 

7(H)  to  850 

490 

800  to  950 

550 

900  lo  1  050 

650 

1  000  lo  1   150 

750 

!5frnMu6 

700  to  850 

540 

25rrl5Mo6 

8(K)  to  950 

6(H) 

900  to  1  050 

7(X) 

1  (XX)  to  1  150 

800 

1  100  to  1  250 

880 

1  5(X)  Mm 

1300 

40O  l3Moll)V2 

1350  Mm 

1120 

\  550  Mut 

1 300 

40tY7AIIOMo2 

700  io  850 

540 

8(H)  to  950 

600 

900  to  1050 

700 

4()Nil4 

8(X)  lo  950 

600 

9(H)  to  1050 

7(H) 

35N»5Cr2 

700  lo  K50 

540 

800  to  950 

6(H) 

30N1  ncr5 

1  550  Mm 

1300 

40Ni6Cr4Mo2 

800  io  950 

6(X) 

9(H)  lo  1  O50 

700 

I  OOUlo  1    150 

8oo 

1   KM)  to  1  250 

SN0 

40NiftO4Mo3 

HOOlo950 

600 

900  In  1  050 

7oo 

1  OOO Co  1   150 

8(H) 

1   lOOlo  1  250 

8  NO 

1  200  to  ]  250 

]  00X1 

I  500Af//i 

13(H) 

30NilOCr3Mo6 

900  to  1  050 

700 

1  (XX)  lo  1  150 

800 

1  100  to  1  250 

880 

1  200  to  1  350 

HXM) 

1  55(>  Mm 

13(H) 

(4) 

13 

12 

10 

9 

12 

10 

8 

7 

14 

12 

tl 

12 

10 

16 

16 

15 

12 

10 

6 

18 

16 

iS 

13 

12 

11 

10 

18 

16 

15 

13 

12 

8 

8 

8 

18 

16 

15 

16 

15 

18 

16 

8 


16 
15 

13 
I  I 
16 
15 
13 
11 
10 
6 
15 
12 
II 
10 
8 


(5) 


(6) 


34 

250 

34 

100 

34 

40 

34 

16 

41 

250 

34 

100 

27 

40 

21 

16 

55 

160 

48 

100 

41 

40 

34 

16 

55 

150 

55 

100 

48 

63 

35 

63 

17 

63 

— 

16 

55 

100 

55 

63 

55 

30 

55 

150 

50 

100 

50 

63 

48 

30 

55 

150 

55 

150 

55 

150 

48 

150 

41 

100 

14 

63 

21 

63 

14 

30 

55 

150 

55 

100 

48 

63 

55 

100 

55 

63 

55 

150 

55 

100 

14 

63 

( air-hardened ) 

150 

(  oil-hardened  ) 

55 

150 

55 

100 

48 

63 

41 

30 

55 

150 

55 

150 

48 

100 

41 

63 

30 

30 

11 

30 

55 

150 

48 

150 

41 

100 

35 

63 

14 

63 

10 
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Table  5  (concluded) 


St— 1  pMig— Hriw 

TcttdteStmfU 

0  J  Percent 

Boagntloa 

Izod  Impact 

UaUtfaig 

MPn 

Proof  Stress 

5.65/A  Percent, 

Joules,  Min 

Hitting 

MPa,  Min 

Min 

Section 

0) 

(2) 

(3) 

(4) 

(5) 

(6) 

30NilOCr3Mo6 

900  to  1050 

700 

15 

55 

150 

lOOOtol  150 

800 

12 

48 

140 

1  100  to  1  250 

880 

11 

41 

100 

1  200  to  1  350 

J  000 

10 

35 

63 

1  550  Min 

1300 

8 

14 

63 

40NM0Gr3Mo6 

1000  to  1  150 

800 

12 

48 

150 

1  100tol250 

880 

11 

41 

150 

1  200  to  1  350 

1000 

10 

35 

150 

1  550  Min 

1300 

8 

14 

100 

NOTES 

1  Mechanical  properties  for  steels  having  a  minimum  tensile  strength  of  1  340  MP*  and  above  are  given  for  information  only  and 
the  delivery  condition  on  the  basis  of  the  chemical  composition  and  hardenability  shall  be  applicable  in  such  cases. 

2  Izod  Impact  values  are  for  fine  grained  steels. 
1  Kgf/mmzs9.91  N/mm2. 

Tabic  6  Hardeness  Requirement  for  Products  Delivered  In  as  Rolled  Condition  (  R  ),  Annealed  (  A  ) 

or  Improved  Machlnabllity  (  M  ) 
(Clause  S A) 


Steel  Crade 


As  Annealed  (  A  X 


Max 

HB 

30C8 

187 

35C8 

107 

40T8 

207 

45C8 

207 

50C8 

210 

55C8 

220 

40C10S18 

200 

40C15S12 

200 

20C15 

200 

27C15 

200 

37C15 

220 

35Mn6Mo3 

220 

35Mn6Mo4 

220 

37Mn5Si5 

220 

42CrV6 

220 

45CrSiO 

240 

46  V 1  S3 

220 

50CT4V2 

250 

58CrVl 

250 

55Cr3 

220 

55Si6Cr^ 

220 

40Cr4 

241 

42Cr4Mo2 

24] 

15Crl3Mo6 

200 

25Crl3Mo6 

230 

40Crl3MolOV2 

230 

40Cr7AMOMo2 

230 

40N»I4 

22<> 

35Ni5(>2 

22<i 

30Nil3Cr2 

250 

40Nil6Cr4Mo2 

241 

40Nil6Cr4Mo3 

24  1 

31NilOCr3Mo6 

26'J 

40NilOCr3Mo6 

2h*> 

NOTE —  Hot  improved  machuwmilily  the  microsirticuire< 
purchaser. 


•fthe 


As  Rolled  (  R  \ 

Treated  for  Improved 

MachlnablUty  (  M  ), 

Min 

Wat 

HB 

HB 

240 

170 

240 

183 

240 

|Q7 

240 

207 

240 

217 

250 

22" 

240 

— 

240 

— 

240 

220 

240 

223 

250 

22" 

250 

— 

250 

— 

250 

220 

250 

— 

250 

— 

250 

— 

As  per  agi  cement 

— 

As  per  agreement 

— 

25  Max 

— 

250 

220 

250 

241 

250 

241 

240 

— 

As  per  agreement 

— 

As  per  agreement 

— 

As  per  agreement 

— 

250  Mn 

— 

250 

— 

An  per  agreement 

— 

250 

— 

A*;  per  .i£iremeiit 

— 

As  per  agreement 

— 

As  per  agicemeut 

- 

[eel  m.i  y  he  mutually  agreed  to  between  the 

manufacturer  .nut  ih 

11 
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Table  7  Po visional  Limiting  Rockwell  Hardness  for  End  Quench  Test 

{Clause  12.1) 

Steel  Limit*  of 

Grade  Spread 


Hardness  HRC  at  a  Distance  from  End  Quench  Face  In  nun 


27C15  Maximum 

Minimum 
40Cr4  Maximum 

Minimum 
42Cr4Mo2       Maximum 

Minimum 
5<)(>4Mo2       Maximum 

Minimum 


1.5 
55 

43 
61 

53 
61 
53 
65 
57 


3 

54 
40 
61 
52 
61 
53 


5 

51 

32 

60 

50 

61 

52 


7  9 

48  42 

24  20 

59  58 
47  44 

60  60 
51  50 


11       13        15       20       25       30       35 
39      37       33       31        29       28       27 


65    64 
56    56 


56  54  52  46  42  40  38 

40  37  35  30  27  25  23 

59  59  58  56  53  51  48 

48  45  43  38  35  34  33 

64   63   63  62  61  60  58  56  55 

55   53    52  50  48  44  41  40  39 


40 

45 

50 

27 

26 

37 

36 

35 

22 

21 

20 

47 

46 

45 

32 

32 

32 

54 

53 

53 

38 

37 

37 
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